Abstract-The interaction of a stream of dielectric spheres in an electric field in a high vacuum is investigated both theoretically and experimentally. This investigation is motivated by an attempt to detect fractional electric charges which might exist in matter, namely, a search for isolated quarks in matter. The theoretical analysis is intended to pinpoint the basic interaction mechanism by which a stream of dielectric spheres becomes destabilized in an electric field. One important result of this analysis is a suggested method by which the destabilizing forces can be eliminated. The experiments performed are intended to study the behavior of a stream of uniform liquid drops in an electric field in a high vacuum. It is seen from these experiments that the deflections of any two drops in the stream with charges differing by one electronic charge is the same except for the effects of some destabilizing forces.
. If the behavior of each of the drops is independent, the deflection of the drops as they pass through the electric field is a direct measure of the electric charge on the drops. In effect, this constitutes a charge spectrometer, a device for obtaining the charge spectrum of a stream of uniform mass particles.
A simplified schematic diagram of the experimental arrangement is shown in Fig. 1 
where q is the charge on the drop whose mass is m, E is the electric field in the x direction, v0 is the initial vertical velocity of the drop (in the z direction), L is the length of the deflection field in the z direction, and g is the acceleration due to gravity.
For example, a 30-lsm diameter drop of fluid with a density of 1.0 g/cm3, an initial vertical velocity of 10 m/s, and carrying a net charge of 1.6 x 10 -19 C (one electron) will be deflected transversely a distance 0.71 mm by a field of 1.67 x 106 V/m in the 3. 1-m long plate system. Thus such drops whose net charge differs by ± one electron will be separated a distance of 0.71 mm. Equation (1) The first term FqE results from the interaction of an applied electric field E on the net charge q carried by the drop and is given by FqE = qE. The second force Fi,m results from the interaction of the charge q on a drop and its image charge qim in any nearby material such as the conducting deflection plates or even other drops. This force has the form Fim =imj 4lrEo(2R)2 where q is the drop charge and 2R is the distance between the charge q and its image qim. For charges of a few electrons and spacings of at least a few tens of micrometers, the image forces are about three to five orders of magnitude less than the FqE. Similarly, the force Fqq between drops due to each of their respective net charges is three to five orders of magnitude less than FqE. The force between drops as the result of induced positive and negative charges on the drops by the electric field may be larger than FqE in some situations. This dipole force, FD will be considered in more detail in following paragraphs. The forces labeled FHO are those forces owing to higher order multipole terms. These higher order force terms are many orders of magnitude lower than even the image forces and can be ignored compared to FqE and FD. Because the drops are falling in a vacuum, gas dynamic forces can be ignored.
If the drops are close together but start downward into the electric field along the same trajectory, (1) should be modified to account for the interdrop forces resulting from polarization charges produced by the electric field.
If a material sphere is put into a uniform electric field E, polarization charges appear at the surface of the sphere. In effect, the sphere becomes a dipole as shown in Fig. 2 
where G is positive constant characterizing the strength of the force on the drop B due to the drops A and C and is a function of the dipole charge and length Q and D, the drop mass m, the vertical center-to-center spacing between the drops 1, and the free space permittivity eo. 
where , is on the order of a millisecond. One can also show that for large l( 2 6), 1 oC 15/ III. EXPERIMENT Experimentally, the effects of the induced charges become apparent in the deflections of drops with equal masses whose net charges differ by integer numbers of electrons. By (1) we see that the differences in the deflections of any two drops with charges differing by one electronic charge should be the same. However, we see experimentally that the deflection differences are not always the same for one electronic charge difference.
To observe the deflection of the drops by the action of the field between the parallel plates as shown in Fig. 1, a camera is placed at the bottom of the deflection plates. The optical axis of the camera is directed perpendicular to the direction of the electric field and horizontally. That is, the camera "looks" at the spread of the drops coming out from between the deflection plates. The drops are illuminated by a sheet beam of light from an argon ion laser located below the field of view of the camera and on the opposite side of the deflection plates from the camera. The beam is directed up at an angle of about 30°from the horizontal so the light does not shine directly into the camera lens. Thus only specularly reflected light from the drops enters the camera lens as the drops pass vertically downward through the sheet of laser light. Each drop leaves a vertical streak on the film as it goes downward through the light beam. The multiple vertical streaks shown in Fig. 3 are from about 300 drops seen by the camera during a shutter open time of 0.01 s. The drops are spread horizontally according to the number of electron (positive or negative) carried by each drop. In the absence of dipole forces, all the spacings between the drops (streaks) would be multiples of some least space (0.09 mm) corresponding to a charge difference of one electron between two drops. This is shown in Fig. 3 where the most closely spaced vertical lines are trajectories of drops whose net charge differs by one electron. The streaks on the photograph in Fig. 3 are in effect extensions of the trajectories shown in Fig. 1 . Note that the horizontal spacing in Fig. 1 is exaggerated. The plate length in the experiment is 3.1 m and the pl4te spacing is only. 0.018 m, so the drops are still traveling almost vertically as they exit the space between the plates. Because of the dropdrop interactions resulting from the polarization charges, the trajectory spacings are not all integer multiples of a least value of deflection for one electron. The drops which produced the lines, shown in Fig. 3 , initially entered the deflection field spaced approximately two diameters apart vertically. If we compare the forces resulting from the electric field acting on the net charge with the forces resulting from polarized charge interactions, we see that a spacing of 20 diameters between drops would reduce the interactive forces to a reasonable value. Such spacing may be accomplished by removing nine out of ten drops in the stream. Several methods are available to effect the removal of the unwanted drops.
If the nine drops to be removed were highly charged, an electric field could be used to deflect the charged drops into a collector, leaving the remaining, virtually uncharged, drops to continue on through the main deflection field. Because the drops are formed from a high resistivity liquid (p 2 1014 Q-cm), inductive charging during the formation process is difficult. To circumvent this problem a pulsed electron beam can be used to charge the drops which are to be removed. electrohydrodynamics, optical pumping of short-wavelength lasers using plasma pinches, plasma-arc-driven electromagnetic railgun, cryogenic laser fusion targets, generation of monodisperse solid and hollow spheres, and fusion plasma engineering and physics.
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